Abstract. Throughout the southeastern United States, vegetable growers have successfully cultivated pumpkins (Cucurbita pepo) using conventional tillage. No-till pumpkin production has not been pursued by many growers as a result of the lack of herbicides, no-till planting equipment, and knowledge in conservation tillage methods. All of these conservation production aids are now present for successful no-till vegetable production. The primary reasons to use no-till technologies for pumpkins include reduced erosion, improved soil moisture conservation, long-term improvement in soil chemical and microbial properties, and better fruit appearance while maintaining similar yields compared with conventionally produced pumpkins. Cover crop utilization varies in no-till production, whereas residue from different cover crops can affect yields. The objective of these experiments was to evaluate the influence of surface residue type on notill pumpkin yield and fruit quality. Results from these experiments showed all cover crop residues produced acceptable no-till pumpkin yields and fruit size. Field location, weather conditions, soil type, and other factors probably affected pumpkin yields more than surface residue. Vegetable growers should expect to successfully grow no-till pumpkins using any of the winter cover crop residues tested over a wide range in residue biomass rates.
Vegetable producers commonly use conventional tillage practices to prepare a seedbed that optimizes vegetable seed placement, crop germination, and emergence resulting from increased contact with loose, moist soil (Coolman and Hoyt, 1993; Sprague, 1986) . Incorporating surface residues also can reduce potential weed, disease, and insect pests. Conventional tillage also facilitates incorporation of surface-applied nutrients to improve nutrient availability to crop roots. As a result of these benefits, conventional tillage has been the standard cultural practice for hundreds of years (Sprague, 1986) .
With its introduction in the 1950s, conservation tillage systems have been increasingly adopted for many row crops as a result of distinct advantages in soil erosion control, soil water conservation, reduced energy and labor requirements, and enhanced crop performance (Frye et al., 1981; Phillips, 1984; Sprague, 1986) . In addition, contemporary no-till planting equipment can provide for optimum seed placement, germination and emergence of most agronomic crops. Advantages and disadvantages of conservation tillage systems with agronomic crops have been well documented (Gallaher and Ferrer, 1987; Rice, 1983 ). An undesirable consequence of conservation tillage for vegetables includes lower soil temperature in spring resulting from surface crop residue cover that can reduce emergence and seedling vigor (Hoyt and Konsler, 1988) .
In addition, increased potential for weed and pest infestations can occur with conservation tillage, requiring application of preemergence or postemergence pesticides Hoyt and Monks, 1996) . Currently, many pesticides are available for use in conservation tillage systems. Pest problems can also be minimized by fall tillage of crop debris and establishment of a grass or legume winter cover crop (Phatak et al., 1991) .
Early adoption of conservation tillage systems was primarily related to concerns for soil erosion. A substantial reduction in soil loss through water and wind erosion occurs with the maintenance of surface crop residues (Follett and Stewart, 1985; Griffith et al., 1986) . The use of previous summer crop and winter cover crop residues for conservation tillage planting protects the soil surface from erosion by absorbing the impact energy of raindrops, thus reducing soil particle detachment and decreasing the acceleration of surface runoff. In addition, increased water infiltration and reduced soil water evaporation under conservation tillage generally increases plant-available water and subsequent crop yield potential (Griffith et al., 1986) . This increased available water is particularly important in dry land cropping systems in arid and semiarid regions where plant water availability is the most limiting factor to crop yield potential. Increased surface residue can also improve nutrient availability through increased organic matter and nutrient cycling (Doran, 1980) .
With increased urbanization in rural areas and decreased availability of prime nonerodible farmland in the southeastern United States, the advantages of conservation tillage are very important to profitable crop production. Many soils available for producing farm commodities in these regions are highly erodible, especially in the Piedmont region of the southeast. In addition, much of the remaining farmland is marginal for plant growth without substantial inputs resulting from steep slopes and variable growing season conditions. Increasing surface residue cover by using conservation tillage in this region can enhance crop yield potential through protection of nutrient-rich surface soil from erosion and increased plant-available soil moisture resulting from increased infiltration and decreased evaporation (Coolman and Hoyt, 1993) . The objectives of these experiments were to evaluate the yield potential and fruit quality of no-till pumpkins grown with various winter cover crop surface residues. ) were collected from each treatment at planting, ovendried at 65°C, then weighed to determine the amount of residue present at planting. Pumpkins were no-till-planted into the winter cover crop treatments during the third week of June for each location and year. A John Deere (Moline, IL) Maxi-merge no-till corn planter (no pumpkin seed was used) was used to open the furrows and simulate the use of a no-till planter within the plots. Two to three seeds were hand-seeded at 0.91 m in-row spacing and thinned to one plant per seeding location after seedling emergence. Between-row spacing was 1.83 m, resulting in 12 plants per pumpkin cultivar (two rows of six plants long) per plot with 1.66 m 2 per plant. The small pumpkin cultivar (six plants) was planted in the front half of the plot and 'Magic Lantern' (six plants) planted at the back half of the plot.
Materials and Methods

No
Nitrogen fertilizer as ammonium nitrate (100 kgÁha -1 N) was surface band-applied 15 cm beside the row 2 weeks after planting. A single application of ethalfluralin [n-ethyl-N-(2methyl-2-propenyl were rotated between applications weekly starting mid-July.
Pumpkin fruit were harvested at all locations between the third week of September and the second week of October. Fruit were classified as marketable or nonmarketable (cull) and then individually counted and weighed. Analysis of variance (PROC GLM) was performed with SAS version 6.12 (SAS Institute, Cary, NC). Least significant difference tests were preformed on each yield parameter at all locations.
Results and Discussion
Residue biomass
Winter cover residue treatments just before pumpkin planting in 2001 ranged from 4156 to 11,867 kgÁha -1 over locations, cover crop species, and varieties ( ) at MRS among all locations and cover residue treatments (Table 2) ), respectively. Rye, triticale, wheat, or barley varieties included in these studies have provided excellent residue cover for no-till summer crops when cover crops were planted at recommended fall planting dates and grown under normal winter weather conditions. These winter cover crops were allowed to grow through May, increasing the amount of residue biomass and providing excellent surface residue cover for no-till pumpkin production. Some ryegrass varieties produced residue cover that completely covered the soil surface, but in general, ryegrass cover residues resulted in lower no-till vegetable yields compared with small grain selections (Hoyt, 1999) .
Pumpkin yield
Small pumpkin ) at MRS. The lowest pumpkin fruit yielding residue treatment at MRS was Rio ryegrass and the 'Pioneer 24R26' wheat cultivar treatment at MHCRS. Pumpkin fruit at both locations were within the recommended size for 'Oz' ranging from 1.28 to 1.71 kg/fruit (Table 3) . Residue treatment influenced fruit size at MHCRS, but not at MRS (Tables 3 and 4) . Residue treatment had no effect on the number of fruit or total yield per hectare at either location.
2002 experiments with 'Mystic Plus'. At MRS, no-till pumpkin fruit total yield ranged from 40,333 kgÁha -1 in the Marshall ryegrass residue treatment to 66,774 kgÁha -1 in the Patton wheat residue treatment (Table 5) . Overall, wheat, rye, triticale, and barley residue treatments had greater no-till pumpkin yields than ryegrass, oats, crimson clover, and bare soil treatments, although some varieties of wheat did result in poor pumpkin total yield.
Marketable fruit size at MRS varied between 2.46 and 3.0 kg/fruit (Table 5 ). The ryegrass residue treatments at MRS yielded the smallest size fruit of any treatments, whereas wheat, barley, and crimson clover residue and bare soil treatments yielded the largest no-till pumpkin fruit. The number of marketable fruit ranged from 13,948 (Coker 9663) to 21,666 fruit/ha ('Pioneer 26R24') and was influenced by residue treatment (Table 5 ). Pumpkin cull yields at the MRS location showed no statistical differences among treatments (Table 5) .
At MHCRS, pumpkin total yield ranged from 27,416 to 62,067 kgÁha -1 and was influenced by residue treatment (Table 6 ). Arcia triticale produced the greatest no-till pumpkin total yield and number of marketable fruit/ha. The residue treatment producing the lowest no-till pumpkin total yield was Patton wheat. Cull no-till pumpkin fruit size and number of fruit ha -1 showed no differences among treatments (Table 6 ). Cull pumpkin yield had high variability with treatments producing from 0 to 1852 kgÁha -1 cull pumpkin fruit (Table  6 ). The largest amount of cull pumpkins was produced by the Marshal ryegrass residue treatment. Several treatments yielded no cull pumpkin fruit at this location.
At PRS, the greatest no-till pumpkin total yield (47,280 kgÁha -1 ) and marketable fruit number/ha (24,408 fruit/ha) was planted into Wheeler rye residue ( Table 7) . The other rye residue (Wrens Abruzzi) also produced a high no-till pumpkin yield (43,695 kgÁha -1 ). Triticale residue treatments had similar high yields with an average of 42,051 kgÁha -1 . Although some wheat, ryegrass, barley, and crimson clover residue treatments produced lower no-till pumpkin total yields, all treatments had good yields. Cull pumpkin yields (kg/fruit, kgÁha -1 , number of fruit/ha) at PRS showed no differences among treatments (Table 7) . The marketable size fruit produced at this location also showed no differences among treatments (Table 7) .
At UMRS, the greatest no-till pumpkin total yield (51,761 kgÁha -1 ) and number of marketable fruit (17,433 fruit/ha) were measured in the Trical 308 triticale residue treatment (Table 8) . Residue treatments from the other varieties of triticale also produced high no-till pumpkin total yields with an average of 43,097 kgÁha -1
. The lowest no-till pumpkin total yield was 28,989 kgÁha -1 , which was planted into Patton wheat residue (Table 8) . Although residue from this cultivar of wheat produced the lowest no-till pumpkin total yields, other varieties of wheat residues produced good pumpkin yields (average 41,364 kgÁha -1 ). The lowest number of marketable fruit at this location was 11,954 fruit/ha produced by the Marshall ryegrass treatment (Table 8) .
Cull fruit yield and fruit size were highly variable at this location, where cull yield ranged from 1120 to 11,427 kgÁha -1 and the cull fruit size ranged from 0.60-to 3.01-kg/ fruit (Table 8 ). The wheat residue treatments (except for Vigoro RC 904) produced the greatest amount of cull pumpkins. The bare soil treatment also had high cull pumpkin yields. The lowest weight and number of cull pumpkins produced came from the Arcia triticale residue and Vigoro RC 904 wheat residue treatments, both with a 1120-kgÁha -1 cull pumpkin yield (Table 8) . Marketable pumpkin fruit size varied from 2.10-to 2.65-kg fruit (Table 8 ). The overall pumpkin yields from the residue treatments at this location were good considering this location has the highest elevation of the four with the (Table 3 ). The winter cover residue treatments had no significant effects on yield, fruit size, or fruit number at this site.
At MRS, no-till 'Magic Lantern' pumpkin total yield ranged from 32,715 to 47,280 kgÁha -1 (Table 4) . Residue treatments had no significant effect on yield and fruit size, but residue cover did affect number of fruit produced, which ranged from 5429 to 7296 fruit/ha (Table 4) . Results from MRS and MHCRS in 2001 indicated that all winter cover residue treatments produced excellent no-till pumpkin yields.
2002 experiments with 'Magic Lantern'. At MRS, no-till pumpkin total yield ranged from 105,540 (Patton wheat residue treatment) to 144,081 kgÁha -1 (oat residue treatment) (Table 9 ). Although the oat residue treatment had the greatest no-till pumpkin total yield for this location, a high percentage of the total were cull fruit. The residue treatments that yielded the largest and smallest marketable fruit size were bare soil (9.34-kg/fruit) and Rio ryegrass (6.66-kg/fruit), respectively ( Table 9 ). All treatments yielded excellent pumpkin fruit weights at this location.
The number of marketable fruit/ha produced at MRS was comparable with the other locations. 'Pioneer 26R24' wheat residue treatment had the highest number of marketable fruit (16,437 fruit/ha), whereas the lowest number of marketable fruit produced (11,954 fruit/ha) occurred with Vigoro RC 904 wheat residue and bare soil treatments ( Table 9 ). The yields and size of cull pumpkin fruit produced at this location varied considerably. The highest cull yield produced was 22,631 kgÁha -1 (oat residue), whereas the lowest cull yield (4481 kgÁha -1 ) was observed with Wrens Abruzzi rye residue (Table 9) . Pumpkin cull fruit size ranged from 3.31-to 7.03-kg/fruit (Table 9) .
At MHCRS, no-till pumpkin total yield varied from 60,248 (crimson clover residue) to 100,798 kgÁha -1 (Wrens Abruzzi rye residue) (Table 10 ). Residue treatments influenced both total and marketable fruit yield. Marketable pumpkin size and numbers of fruitÁha -1 ranged from 4.59-to 9.70-kg fruit and from 4,632 to 14,171 fruit/ha, respectively (Table 10) .
The cull fruit size and yield also were highly variable among treatments with some treatments producing no cull fruit. The greatest no-till pumpkin cull yield was 5513 kgÁha -1 from the Patton wheat residue treatment and the lowest cull pumpkin yield was zero and was produced by several residue treatments (Table 10 ). Overall yields were lower than those at MRS, probably as a result of landscape position, with the MHCRS field site in a river bottom landscape position that had visual wet conditions during summer, whereas the MRS field site was on an upland terrace.
Total and marketable no-till pumpkin yields were not influenced by residue treatment at the PRS location (Table 11) . No-till pumpkin total yield ranged from 58,484 (Roane wheat residue treatment) to 90,975 kgÁha -1 (Wrens Abruzzi rye residue treatment). The Rio and Big Daddy ryegrass residue treatments also produced relatively high yields and marketable fruit size. Fruit size ranged from 4.89 ('Pioneer 26R24' wheat treatment) to 7.03-kg/fruit (Rio ryegrass treatment) (Table 11 ). Pumpkin cull yields ranged from 448 to 13,220 kgÁha -1 at PRS (Table 11 ). The Roane wheat residue treatment produced the lowest cull pumpkin yield (448 kgÁha -1 ) and also produced the smallest cull size (0.43 kg) ( Table 11 ). The highest cull pumpkin yield (13,220 kgÁha -1 ) was produced by the Patton wheat treatment (Table 11 ). The largest cull fruit size was 5.21 kg and was produced by the Wrens Abruzzi rye residue treatment (Table 11) , which also produced the greatest total yield in both weight and number of fruit.
At the UMRS location, no-till pumpkin total yield varied from 51,313 (Crimson clover residue treatment) to 85,373 kgÁha -1 (Nomini barley residue treatment) (Table 12 ). At this location, the rye, ryegrass, and wheat residue treatments also resulted in good pumpkin total yields. Residue treatment also influenced yield, fruit size, and numbers of fruit for marketable and cull pumpkins parameters. 'Pioneer 26R24' wheat treatment produced the highest marketable fruit number (12,404 fruit/ha), whereas the Oat residue treatment produced the lowest number of marketable fruit (8220 fruit/ha) (Table 12) . Marketable fruit size was generally high for this location, considering cool nighttime summer temperatures for this high elevation location, ranging from 4.67-(Crimson clover residue treatment) to 7.62-kg/fruit (Wrens Abruzzi and Wheeler rye residue treatments) (Table 12 ). The cull pumpkin fruit yield varied from 448 (Vigoro RC 904 wheat residue treatment) to 20,615 kgÁha -1 (bare soil treatment) (Table 12 ). The bare soil treatment had considerably more cull fruit than the residue treatments. The Vigoro RC 904 wheat residue treatment produced the smallest cull pumpkin fruit size (0.36 kg) and the FFR566 wheat treatment produced the largest cull pumpkin fruit size (5.39 kg) (Table 12) .
Conclusions
All residue treatments produced good notill pumpkin yields at one location per year or another. With any of the winter cover residue types used, we did not see any residue treatments that had potential detrimental effect on pumpkin growth or yield. Because locations varied as a result of elevation, soil type, and weather conditions, these studies should represent conditions for typical pumpkin production for much of the southeastern United States. Although we did measure lower yields for some types of residue on occasion, we not see any consistent detrimental factors or yield reductions resulting from type of residue. This study did not evaluate ease of planting in these residue types. All seed were planted by hand after a no-till planter was run through the plots, so that each plant would have a 0.91-m spacing in-row. Seed placement in 
